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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to method, system, and program for a database 
1 0 driven workflow management system for the automated creation and delivery of 
customer output and, in particular, output material based on customer input. 

2. Description of the Related Art 

Direct mail printers and printer software allow a user to generate and print 
1 5 marketing materials tailored for different customers. Many systems have a database 
of customer information and merge the customer information from the database into 
customer marketing material forms that are then mailed or otherwise distributed to the 
customer. Typically, the marketing material forms have variable fields into which the 
customer information is inserted from the database during the process of merging the 
20 forms with the database data. 

The effectiveness of a direct mail marketing campaign can be significantly 
improved by customizing the content of marketing materials to each customer's needs 
and situation. Existing and potential customers will more likely pay attention to 
marketing materials that appear to directly address issues that are pertinent to the 
25 customer. Likewise, customers will tend to ignore marketing materials that include 
information that is irrelevant to the their needs and preferences. Thus, computerized 
direct mail marketing methods continually seek to provide ways to further customize 
direct mail marketing materials to the specific needs and desires of customers. 
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One current problem with customized mail marketing is that substantial 
human intervention is needed to gather the customer information and prepare the 
generated customized marketing material for distribution. After the files are 
generated they are typically printed, then placed in an envelope. There can often be a 
5 considerable lag time between the time customer information is gathered and the 
customized materials are generated, then mailed to the customer. 

Delivery of non-customized marketing material can occur instantly, and is 
sometimes transmitted via facsimile or electronic mail. However, for the reasons 
discussed above, non-customized marketing material is not as effective a marketing 
1 0 tool as customized information. 

Accordingly, there is a need in the art for an improved system, method, and 
program for generating and delivering tailored marketing materials to existing and 
potential customers. 



To overcome the limitations in the prior art described above, preferred 
embodiments disclose a workflow management system for creating and delivering 
output material. A customer record is generated to include fields specifying at least 
one product, customer preferences, and a selected output method to deliver generated 

20 output material on the product specified in the customer record. A job record 
including a status field is added to a job status table for the customer record. The 
added job record status is set to a first status. A selected job is processed in the job 
status table. A first worker is invoked if the selected job has the first status. The first 
worker generates output material from processing the product and customer 

25 preference fields in the customer record for the selected job. The status for the 

selected job in the job status table is set to a second status after generating the output 
material. A second worker is invoked if the selected job has the second status. The 
second worker determines a selected one of a plurality of delivery options from the 
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customer record for the selected job and transmits the output material via the 
determined delivery option to the customer specified in the customer record. 

In further embodiments, the first status is associated with the first worker and 
the second status is associated with the second worker. The first and second workers 
5 further query the job status table to access all jobs having the status associated with 
the worker. 

In still further embodiments, the job status table is processed by a supervisor 
program that polls the job status table at predetermined intervals. In such case, the 
supervisor program performs the steps of invoking the first and second workers and 

10 setting the status to the second status. The supervisor program processes every record 
in the job status table when performing the polling operation. 

Preferred embodiments provide a database driven workflow management 
system for creating and delivering output material and, especially, direct marketing 
material. A job enters the workflow system by adding a record to a job status table 

15 for a generated customer record and setting the status to a first status. The customer 
record is used to determine the output to generate onto a template, which when 
generated includes the tailored marketing information to send to the customer. A 
worker invoked in response to the first status processes the customer record to 
generate the output material. Other workers are also used to post-process the output, 

20 generate the output and then automatically transfer the processed output material to 
the customer via different possible transmission routes specified in the customer 
record. 

The database driven workflow system is defined by associating each worker 
with an input status. The ordering of worker processes is defined by setting the status 
25 of the job to the input status of the next worker in the workflow process as indicated 
in the database after processing the job. In this way, a change in the workflow as 
defined by the input and output statuses changes the workflow environment to 
provide a just-in-time type system for processing jobs using database technology. 
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This system automatically routes a print job through various states to generate and 
deliver output material without the need of human intervention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Referring now to the drawings in which like reference numbers represent 

corresponding parts throughout: 

FIG. 1 is a block diagram illustrating a computing environment in which 
preferred embodiments of the present invention are implemented; 

FIGs. 2a and 2b illustrate an entry form to enter a customer record in 
10 accordance with preferred embodiments of the present invention; 

FIG. 3 illustrates an example of marketing material generated in accordance 
with preferred embodiments of the present invention; 

FIG. 4 illustrates an example of a layout of a template used to generated 
tailored marketing material in accordance with preferred embodiments of the present 
15 invention; 

FIGs. 5a and 5b illustrate logic to generate marketing material in accordance 
with preferred embodiments of the present invention; 

FIG. 6 illustrates an example of components of the workflow management 
system in accordance with preferred embodiments of the present invention; 
20 FIG. 7 illustrates a workflow transition table in accordance with preferred 

embodiments of the present invention; 

FIG. 8 illustrates a job status table used with preferred embodiments of the 
present invention; 

FIG. 9 is an example of the workflow in accordance with preferred 
25 embodiments of the present invention; 

FIG. 10 illustrates logic to process a job status table to route a print job 
through the workflow system in accordance with preferred embodiments of the 
present invention; and 
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FIG. 1 1 illustrates worker logic to process a print job in accordance with 
preferred embodiments of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In the following description, reference is made to the accompanying drawings 
which form a part hereof and which illustrate several embodiments of the present 
invention. It is understood that other embodiments may be utilized and structural and 
operational changes may be made without departing from the scope of the present 
invention. 
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Computing Environment 
FIG. 1 illustrates a network environment 2 in which preferred embodiments 
are implemented. One or more data input centers 4 are used to gather information on 
existing and potential customers and store the information in customer records in a 
15 customer database 6. A content database 8 is comprised of files that include content 
to insert into a template describing a layout of the marketing materials (discussed 
below). The content of the files in the content database 8 may comprise any image 
and text type known in the art, including three dimensional images, holographic 
images, watermark, etc. Further, if the marketing pages are to be viewed in a Java 
20 enabled or other multi-media viewer, then the file may include video images, sound 
files, three dimensional images, and any other multi-media format known in the art. 

An output constructor 10 receives the template and using information in a 
customer record from the customer database 6 and the content database 8 populates 



the template with marketing information tailored for the customer. After generating 
25 direct marketing material comprised of thp populated template in accordance with 

preferred embodiments described below, me output constructor 10 may then direct the 
marketing material to a printer 12 for printing or to a facsimile (fax) machine 14 for 
facsimile transmission to the targeted custojmer. Further, the marketing materials may 




g Express Mail No. EL4 1 4495506US 

Docket No. BO9-99-028 
Firm No. 0036.0043 

be converted into a portable format,lsuch as an Hypertext Mark-Up Language 
(HTML) or XML page or in the an ADOBE ACROBAT** format to transmit to the 
^customer via e-mail 16. A network 112 provides communication among the data input 
computer 4, customer database 6, content database 8, output constructor 10, printer 
14, fax machine 16, an e-mail gateway 18 to customers, and a workflow engine 20. 
The network 18 may be comprised of any network system known in the art including 
TCP/IP network (e.g., an Intranet, the Internet), LAN, Ethernet, WAN, Token Ring, 
etc. Alternatively, there may be separate and different networks between the 
components. 

10 The data input computer 4 and output constructor 10 would include an 

operating system such as MICROSOFT WINDOWS 98, WINDOWS NT, AIX, 
OS/390, OS/2, MVS,** and may be comprised of any suitable server and client 
architecture known in the art. The output constructor 10 would include software 
suited for processing multiple large print jobs, such as the IBM InfoPrint manager 

15 software that runs on the IBM RS/6000 server under the AIX operating system.** 

The customer 6 and content 8 databases maybe located on the same database 
server or on separate database servers. The data input computer 4 and output 
constructor 10 would include client database software to communicate with the 
server(s) including the customer 6 and content 8 databases. The client/server database 

20 software to implement the customer 6 and client 8 databases in the network 2 may be 
comprised of any client/server database program known in the art, such as IBM DB2, 
Oracle Corporation's ORACLE 8,** etc. The client/server database software would 
allow the data input computer 4 and output constructor 1 0 to transfer data, execute 
SQL queries, and update data with respect to the customer 6 and content 8 databases 

25 in a manner known in the art. 

The printer 14 may be any large scale printer capable of mass printing 
marketing materials, such as the IBM InfoColor 70. The facsimile machine 14 is 
preferably capable of handling multiple facsimile transmissions at a time to batch 
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process facsimile jobs. For instance, the output constructor 10 may immediately 
transmit generated output or, alternatively, save generated output for later batch 
processing of the transmission operations. Details of the InfoPrint manager and 
printing documents to alternative output devices such as e-mail and fax machines is 
5 described in the IBM publication, "IBM InfoPrint Manager for AIX: Administrators 
Guide Version 3, Release 1," IBM Document No. S544-5595-00 (October 1998), 
which publication is incorporated herein by reference. 

The database driven workflow engine 20, described below, controls the 
scheduling of the processing of the job and manages the entire job flow from data 
10 input, through formatting to the output 14, 16, and 18. 

Gathering Customer Information 
In preferred embodiments, detailed information about a customer may be 
gathered by an operator at a marketing call center. The operator at the marketing call 

15 center speaks with a representative of the customer and enters information at the data 
input computer 4 into a customer database record for that customer. The operator 
would enter the data into a database entry form. FIGs. 2a and 2b provide an example 
of a customer record database entry form, showing two different scrolled areas of the 
same page, including customer information fields. With respect to FIG. 2a, the 

20 customer contact field could include information on the contact person of the 

customer. Further fields may be provided for the address, title, mail-stop, etc., of the 
contact. The customer name and location fields may include further sub-fields for the 
address components of the customer location. The industry type field indicates the 
industry in which the customer operates and the customer boolean field indicate 

25 whether the customer is a business or technical entity. For instance, this may indicate 
whether the contact has specific technical knowledge and understanding of the 
equipment or is focused on less technical, business operations. 
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FIG. 2b shows further fields in the customer record, including the type of 
printing of interest to the customer; concerns the customer has about the printer 
product (customer's current issue with printers); associated services of interest. This 
page also allows the operator to enter information on the services and features of 
5 interest to the customer. Below is a drop down list to allow the operator to select a 
desired delivery method for the customer. Upon selecting a delivery method, the 
program would prompt the user to enter customer address information for the delivery 
method, e.g., e-mail address, fax number, street address, etc. 



10 FIGs. 2a and 2b generates information into fields or columns of a database record for 
the customer. The customer database would include a column for each field of 
information provided in the form. A customer record is created each time the 
operator fills in information for a product of interest to the customer. Thus, if the 
customer is interested in different products, then different customer records would be 

1 5 generated, one for each product. The customer records are stored in a table in the 
customer database 6. 

Alternatively, information to enter into the customer record fields (columns) 
may be mined from a database of information on the customer. This database is 
mined to gather information that can then be inserted into customer records. 

20 The arrangement and selection of fields to include in customer records would 

be determined during the design of the layout of the template. A template would be 
designed to include information on the product. A template is comprised of 
containers, which are sections into which files from the content database 8 are 
inserted. Each of the files in the content database 8 include metadata in the form of a 

25 database record in the content database 8 that provides attributes associated with the 
file. The metadata would include fields or columns of information that corresponds 
to the fields in the customer record. Thus, the meta data for a particular file could 
indicate whether the information is for a business or technical oriented contact, 



Each of the fields included in the customer record entry form illustrated in 
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corresponding to the business or technical selection in the customer record and a size 
of the company, along with other indicators of preferences addressed by the file. For 
instance, a file could include information tailored to a non-technical person at a large 
company. The needs of a large company are quite distinct from that of a small 
5 company. Thus, the files inserted into the container may be customized depending on 
both the background of the contact and size of the company. In this way, there is a 
correspondence of fields (columns) in the customer records in the customer database 
6 and fields (columns) the metadata records for each file in the content database 8. 
A search engine would query the metadata record of a file using data entered 

1 0 in the fields of a customer record, such that a file is selected having metadata 

attributes matching attributes associated with the customer in the customer record. 
The query may query the metadata records on multiple attributes from the customer 
record, e.g., contact background (e.g., technical or business), size of company, and 
some other customer preference. 

1 5 The template bridges files in the content database 8 and the customer records 

in the customer database 6 to generate tailored marketing material. In this way there 
are two levels of customization, one based on generating information directly from 
the customer record to the template and the second is based on using the preferences 
and information in the customer record to query and select a file that includes content 

20 tailored to the customer expressed preferences based on multiple degrees of 

customization, e.g., size, contact background, and any other preferences. Thus, a file 
to insert into a container may be queried on multiple customizing variables, i.e., 
multiple customer specific attributes entered in the customer record in the customer 
database 6. With this multi-level customization, a customized file may be selected to 

25 generate customize information in a container and the customized information may 
include external references to data in the customer record to provide a second layer of 
customization to the container. 
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FIG. 3 illustrates an example of a marketing brochure produced in accordance 
with the preferred embodiments. A designer would design the layout of a template 
including containers, which are regions of the template into which content from files 
from the content database 8 are inserted. FIG. 4 illustrates a template 100 in which 
5 the user defines the layout of how content in the files in the customer 6 and content 
databases 8 will be inserted into the template 100 to generate the marketing material. 
The designer creates containers within the template 100. A product name container 
102 displays the name of the product of interest to the customer. This information is 
accessed directly from the Product field (shown in FIG. 2a) of the customer record 

10 and displays the product name, numbered as 50 in FIG. 3. 

An introduction container 104 includes a reference to an introductory file. As 
shown in container 104, the introductory file includes static text and references to 
variable data in the customer record. The introductory container 104 may also 
include a query of introduction files based on contact background (technical or 

15 business) and the size of the company. This would select an introduction file 
including information tailored to the contact background and company size. The 
introduction container 104 further includes the ability to insert variable customer 
information from the customer record directly into the introduction text to tailor the 
introduction to the customer, the contact background, and the company size. 

20 A first paragraph container 106 includes the first paragraph following the 

introduction. To access files from the content database 8 to insert into a container, the 
designer would insert an SQL query into the container 106 to query the metadata 
records in the content database 8 to find a file that matches the queried value from the 
customer record. The content database 8 is set-up such that there are numerous files 

25 created for each container. The metadata of each file associates each file with one of 
the containers. The metadata further includes values in one or more columns (fields) 
that correspond to fields in the customer record including operator entered customer 
preferences. For instance, there may be numerous files dedicated to paragraph 1, 
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each having in the associated services column one of the possible values for this 
column that could be entered for the customer. Further each file for paragraph 1 may 
have further degrees of customization upon the contact background and company size. 
The container 106 includes an SQL query to query the "associated services' 1 column 
5 in the metadata record for a value that matches the value for this same column in the 
customer record. Thus, the container 106 includes the type of query, i.e., columns 
that will be queried, and the search criteria for the query is determined dynamically 
from the customer record. FIG. 3 shows an example of the paragraph 1 inserted, 
numbered as 54, when Environment Sharing was entered as an associated service to 

10 include for the customer. 

Similarly, container 108 includes a query on the type of printing. This 
searches the files for paragraph 2 that have a "type of printing" column value that 
matches the type of printing in the selected customer record. In the example, the 
customer record, in FIG. 2a, shows the "type of printing" as continuous forms. This 

1 5 would cause the selection of a file including in its associated metadata indication that 
it is a paragraph 2 file and that has a value of "continuous forms" in the "type of 
printing" column . As shown in FIG. 3, the "continuous forms" value causes the 
insertion in the paragraph 2 container 108 of a file including information on media 
flexibility, numbered 56 in FIG. 3, which describes the type of forms and data that 

20 may be driven through the system. 

The above description highlights how a designer would design the template 
100, format of the customer records (FIGs. 2a, b), and the files and metadata to 
include in the content database. First the designer would determine the containers to 
include in the template and then the type of content to include in each container that 

25 would interest the customers. The designer would then determine a way to describe 
different attributes values for the ways in which the interest could be classified. The 
customer record entry form would be designed to allow an operator to select one of 
multiple attribute values for the interest. Further, the files to fill in the container 
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associated with the customer interests and demands would include a field indicating 
the container with which it is associated and each file would include in the field 
corresponding to the interest one of the attribute values for the interest. In this way, 
each file would include information tailored to the possible attribute and interest 
5 values in the customer record. For instance, the value for the "type of printing" 
attribute would determine the selection of a file, for container 108, having a value in 
the "type of printing 11 attribute field equal to the value entered for this field in the 
customer record. In this way, each file in the content database 8 associated with a 
container has an attribute value in a field (column) corresponding to an attribute value 

10 in a field (column) in the customer record. The container would include a query to 
search the metadata of the files associated with the container for a file that has an 
attribute value matching the attribute value in the column. 

For example, container 1 10 indicates a "customer type" field, which 
corresponds to the selection in the customer record entry form of "business" or 

15 "technical" A query of this field for business would include a section description 
more useful for business, non-technical types, such as a general description of 
functions; whereas a technical value would refer to the file including a technical 
description. The layout 100 also includes containers 1 12a, b, c, d to generate the 
display of product highlights, shown as numbers 60, 62, and 64 in FIG. 3. One or 

20 more highlights are filled into the containers 1 12a, b, c, d from files in the content 
database 8 Each highlight container 1 12a, b, c, d includes a query of the metadata in 
the content database 8 to retrieve the file for the highlights having a column value 
matching the search value in the corresponding column in the customer record. For 
instance, the "type of printing field," indicates the type of printing the customer is 

25 interested, which is shown as "Continuous forms" in FIG. 2b. The container 1 1 2a 
would insert highlights relating to the type of printing from a file having a "type of 
printing" metadata field value matching that for the customer record. The "type of 
printing" highlights are shown as highlights 60 in FIG. 3. For the second container 
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1 12b, the query on the"associated services" field (column) would search for the value 
for this field in the customer record, which is "Distributed print services." This 
accesses the file having the same value in the "associated services column," which 
displays the "Environment Sharing" paragraph shown as the highlight numbered 62 
5 in FIG. 3. The third container 1 12c provides static highlights which are generated 
directly from the container, without access from either database 6 or 8, fixed and not 
variable information. These static highlights are features for the product to always 
include in the marketing material, and shown as number 64 in FIG. 3. The last 
highlight container 1 12d retrieves the file having a "customer issues" value matching 

1 0 that of the customer record. 

FIGs. 5a, b illustrate logic implemented in the output constructor 10 to process 
a template 50, the customer database 6, and the content 8 databases to generate 
marketing output. Control begins (at block 200) with the output constructor 10 
receiving a customer record from the customer database 6 and retrieving a template. 

15 The output constructor 10 may receive templates and records during a batch 
processing mode to generate marketing materials from a template for multiple 
customer records. Alternatively, the output constructor 10 may selectively process 
customer records to generate the output material. The output constructor 10 then 
begins a loop at block 202 for each container / in the template. Within the loop, the 

20 printer manager first determines (at block 204) whether the content in the container is 
static, i.e., no variables referencing data in the customer database 6 or the content 
database 8. If so, the output constructor 10 generates (at block 206) the static text 
from the container into the output and proceeds (at block 208, in FIG. 5b) to process 
the next container by returning to block 202. If the content is not static, then the 

25 output constructor 10 determines (at block 210) whether a query is included. If not, 
then the reference must be to a field in the customer record and the data from the 
customer record for the column (field) identified in the container is accessed (at block 
212) from the data in the customer record. The output constructor then generates (at 
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block 214) the text from the container into the output with the variable data from the 
customer record at the location where the variable was placed. For instance, in 
container 104 in FIG. 4, there are references to variables corresponding to fields in the 
customer record to insert in the text to conform the introductory paragraph 104 to the 
preferences for the customer entered in the customer record. As shown in number 52 
in the output in FIG. 3, the introduction paragraph mentions specific key concerns and 
preferences for the customer. After generating the text into the container, control 
proceeds (at block 208) back to block 202 to process the next container. 

If a query is included in the cont liner, then the output constructor accesses (at 

record column corresponding to the column 
:tor then builds and submits a query (at 
he content database 8 for records for the 



block 2 1 6) the data in the customer data 
subject to the query. The output constru 
block 218) to query metadata records in 



there is a matching metadata record (at b 



container / and satisfying the search criteria and value from the customer record. If 



constructor 10 accesses the file associated with the metadata record and generates (at 



e into the output. If (at block 220), there was 
constructor 10 would access default content 



ock 220, in FIG. 5b), then the output 



block 226) the content of the accessed fi 
no matching data record, then the output 

for the container. After generating the content, control returns to block 202 to 
consider the next container until all containers have been considered. After 
generating the final output, the output constructor 10 determines the output device, 
from the customer record, and then send; the generated output to the output device to 
send to the customer. 

The selected output device indicated in the customer record may determine 
how the output is generated. For insi ance, if the marketing output will be transferred 
by e-mail 1 8, then the document maj be transformed into an Adobe Acrobat format, 
or other portable document format, for transmittal for the e-mail system. For the fax 



14 and the printer 14, the output wou 
output devices. The generated outpu 



d be similarly tailored to those or any other 
is then converted (at block 230) into a format 
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15 



25 



compatible with the output device. For instance, if the output device is the fax 14, 
then the output would be converted into the CCIT Group 3 fax format, and if the 
output device is the e-mail gateway 1$, then the output is converted into the Adobe 
Acrobat PDF format for attachment to! an e-mail message to the customer. 

The output constructor then builds (at block 232) delivery parameters for the 
converted output. The delivery parameters would comprise other components to 
include with the converted output when transmitting through the output device. For 
instance, for the fax 14, the deli ver ? parameters could define a fax cover page to 
include with the marketing materia s. The output constructor 10 would insert data 
into the fax cover page from the customer record, e.g., the customer's fax, contact 
person, etc. For e-mail, the delivery parameters would comprise the e-mail message 
including customer information in the address fields obtained from the customer 
record. The output constructor 10 wbuld then transmit (at block 234) the converted 
output material along with any delivery parameters to the customer via the appropriate 
output device, e.g., printer 12, fax 14,\e-mail. 18. 

Further, the customer database 6 may include status records, fields or tables 
associated with customer records ii dicating the status of generation and transmission 
of output material for an associated customer record, e.g., whether output material 
was generated for a customer, transi nitted, successfully transmitted, failed, etc. In 
this way, the customer database 6 serves as the status focal point of the system. An 
administrator could also query the status records to determine the status of generating 



and transmitting output material for a given customer record. Further embodiments 
would include error handling mechanisms if the transmission of the output material 
via the fax 14 or e-mail gateway 18 fails. The system could automatically query the 
status records for failed transmissions* and then redrive the transmissions or 
automatically notify an administrator to take corrective action, such as check whether 
the customer contact and address information is correct. 
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Preferred embodiments utilize software to format the generated output to align 
properly in the columns of the marketing material. The template 50 and containers 
therein may be generated using page layout software known in the art, such as the 
PAGEFLEX** software, which provides tools for a user to design a layout of 
5 containers into which data from a database is generated. This software further 
expands or shrinks the size of the containers based on the amount of data generated 
therein, such that each container maintains its relationship as defined in the layout in 
the output. With this software, text in a container may also be wrapped around any 
image inserted into the container. Further details of the Pageflex software is 

1 0 described in the publication "Pageflex Server Setup and Reference Guide Version 
1.5.1" (Copyright Bitstream Inc., 1998-99), which publication is incorporated herein 
by reference in its entirety. 

Preferred embodiments provide a system, method, and program to tailor 
marketing material to include information that is relevant to the customer's needs and 

1 5 interests. Further, by using the same layout design across products all the marketing 
material from the customer has the same look-and-feel. Thus, to the extent the 
company has a design that is particularly effective in conveying marketing 
information and associates the company with the material, this design and layout can 
be utilized for all products and to present the tailored information to the customer. 

20 Preferred embodiments provide a system for associating customer interests and 
demands with particular files that include pertinent information specific to the 
customer's interests and demands to generate into the output for that customer. In this 
way, different customers may receive different information in their marketing 
materials, dependent upon customer interests and demands entered into the customer 

25 records. 

In preferred embodiments, numerous print requests are batched for different 
customer records. The batch job is then sent to the output constructor 10 to generate 
output for the output device 14, 16, and 18 indicated in the record. The formatted 
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template into which all the file contents are generated is then use to create a full color 
PostScript file along with the delivery output information specified in the customer 
record. The output constructor 10 then transforms the output PostScript files to a 
format that is compatible with the customer specified output device 14, 16, and 18, 
5 such as an Adobe Acrobat PDF file for e-mail or a fax format, such as CCITT Group 
3, known in the art. A delivery routine implemented within the output constructor 
10 then takes the delivery formatted output file and manages the printing, e-mailing 
and faxing of the output. If e-mail or fax is selected as the preferred output method, a 
hard copy of the PostScript file is printed and mailed to the customer. 

10 Thus, preferred embodiments provide an integrated automated creation and 

delivery system for gathering customer data, submitting customer data, and then 
printing in an automated manner. Once the customer specific information is entered 
into a customer record, then the entire printing processes can generate tailored 
marketing materials and automatically print or otherwise distribute the output based 

15 on a customer preferred output system. 

Using a Database Driven Workflow Manager to 
Control the Production Process 
In preferred embodiments, a customer record is processed according to a 
20 database driven workflow management system. After a customer record is created at 
the data input computer 4, then information on the customer record is added to a job 
status table. FIG. 6 illustrates components of the database driven workflow 
management system in a production system. The database driven workflow 
management system utilizes a database 252 including a job status table 254 (such as 
25 the job status table 254 shown in FIG. 6), a workflow transition table 256, worker 
specific tables 258, a customer input table 260, and a job status history table 262. 
Preferred embodiments utilize the workflow management system described in the 
copending and commonly assigned patent application entitled "Applying Relational 
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Database Technology to Process Control in Manufacturing Processes," having U.S. 
Serial No. 09/327,372 and filed on June 4, 1999, which patent application is 
incorporated herein by reference in its entirety. After a customer record is created 
through customer user input 250, or from mining corporate databases, the customer 
5 database record is added to the customer input table 260. 

A supervisor workflow manager 304 process polls the customer input table 
260 and the job status table 254. Upon locating a new customer record in the 
customer input table 260, the workflow manager 304 would create a record in the job 
status table 254 for the new customer record and set the status for that job to ready. 

10 This begins the workflow process to create a job for the new customer input record in 
the customer input table 260. Each worker comprises a self-contained application 
program that performs a specific piece of work on a print job in the direct mail 
processing system. Each worker 312, 314, 318, 320, 322, 324, 326, and 328 is 
associated with one input status and one or more output statuses depending on the 

1 5 completion status of the job when the worker is completed precessing the job. 

The workflow transition table 256 includes the input and output statuses for 
each worker. When a worker completes 3 12, 3 14, 3 1 8, 320, 322, 324, 326, or 328 its 
processing of the job, either the worker, the supervisor 304 or some other application 
would determine the appropriate output status for that worker from the workflow 

20 transition table 256 and then set the new status for the job to that determined output 
status. In this way, an administrator can readily modify the workflow by only 
updating data in just the workflow transition table 256. Further, in preferred 
embodiments, the workers do not interact directly, except through altering settings in 
the workflow transition table 256. 

25 The workflow transition table 256 may indicate for each worker different 

outputs for different outcomes. If the outcome is an error, then the output status may 
be an error state. If the outcome is successful, then the output status would be the 
input status of the next worker in the workflow process. 
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workflow transition table 330 including a 
Thus the workflow transition table 330 may 
include multiple workflows identified b^ the "Workflow Name" field. The "From 



FIG. 7 illustrates an example of z 
workflow having the name "2-up Print". 



the "From State" indicates a possible state 
completes processing the job. For instance, 
with one of two possible states, "complete" or 
completes a job in one of three states, 
e "To Worker" indicates the output worker 



Worker" indicates the input worker and 
that may occur after the "From Worker" 
the "From Worker" Getlnput ends a job 
"error." The "From Worker" Condition 
"complete," "NeedGraphs" or "error" 

that the supervisor 308 invokes upon receiving a message that the "From Worker 1 
ended a job in the "From State". The "Tlo State" indicates the output state the 
supervisor 308 sets for the job when a joblis completed by the worker indicated in the 
"From Worker" field with the result indicated in the "From State." 

In preferred embodiments, ths worker completing a job (From Worker) would 
update the status in the job status tab e 252 to the "From State" indicating the 
outcome of processing the job, e.g., complete or error and set a flag indicating that the 



record was updated. The supervisor 
illustrates an example of a job status 



• 308 would then poll the job status table. FIG. 8 
table 252 that includes a job ID, current status, 
current worker, workflow name, status time stamp, priority, and update flag. The 
current status indicates a current stati is and the current worker indicates the worker 
currently processing the job. The workflow name column indicates the name of the 
workflow processing the job, the priority column indicates a priority of the job, and 
the update flag indicates when a record is updated by one worker or the supervisor 
308. 1 

When a worker completes processing a job, the worker would set the current 
status to the status representing the outcome of the processing, complete, error, need 
graphs, etc., and the update flag to on. The supervisor 308 when polling the job status 
table would examine those job records hav ng an update flag "on" and determine 
whether the current worker and current status in the job record matches the'Trom 
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Worker" and "From State" in one wo ker transition table record. If there is a match, 
then the supervisor 308 sets the current status to the "To State" and current worker to 
the "To Worker" in the matching woiker transition record. The update flag would be 
left "on." The supervisor 308 would t ien invoke the "To Worker" to cause the "To 
Worker" to process the job table and ecently updated record. The invoked worker, 
upon locating a record with the update flag "on" and having a Current Worker and 
Current status matching its input status, would turn the update flag "off and then 
process the job. 1 



completed a job, it would update the 




For instance, if the Condition workei < 
10 current status in the job status table to complete and set the update flag to "on". Upon 
polling the job status table, the supervisor 30j8, would process the record having its 
update flag "on", and notice that the current status of Condition and current state of 



porker to process the job status table. 




complete for the job record matches the "From Worker" and "From State" in one 
transition record. The supervisor 308 would 1 hen update the current worker and 
15 current status in the job record to the "To Woi ker" and "To State" in the matching 
workflow transition table record. Upon updating a record in the job status table, the 
supervisor 308 would invoke the new current 

Moreover, the supervisor 304 might perform such additional operations as 
maintaining resources for workers to use (database connections, file handles, network 
20 connections, threads, etc.); load balancing among the workers (keep track of how 

many instances of a particular worker are running concurrently and route work among 
them, limit the number of concurrent workers based on system configuration, etc.); and 
monitoring job state changes to provide a common point of control for unexpected 
interruptions in the job flow. Moreover, the supervisor 304 may allow multiple 
25 workers to operate concurrently and share! resources. Such workers would process 
different jobs in parallel. The supervisor 31)4 may manage the resource sharing 
among concurrently executing workers. Trie worker, in response to being invoked, 
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x ^ queries the job status table 3 10 for the jo 



)s having the input status of the invoked 



database 252. Connections with the 
connection protocol known in the ar|, 
(ODBC) to access the records in the 



V 



^ 318, 320, 322, 324, 326 or 328 then 
job. In processing the job, the worke: 



worker. 

In response to being invokeH, the invoked worker 312, 314, 318, 320, 322, 
324, 326 or 328 would obtain a coniection or handle to the database 252 from the 
supervisor 308. Alternatively, the v porker may maintain its own connection to the 

database 252 may utilize any database 
such as an as Open Database Connectivity 
database. The supervisor 304 maintains a 
constant open connection with the jo ) status table 254 as the supervisor 304 is 
10 continuously polling the job status ta >le for jobs to process. The worker 312, 3 14, 

erforms its worker specific operations on the 
* may process the worker specific tables 258 
which include configuration information for each worker depending on the attributes 
of a job. After completing the operati )ns, the worker 312, 314, 318, 320, 322, 324, 
15 326 or 328 sets the status for the job i i the job status table 254 to one output status 
which will be used to cause the supervisor 304 to invoke the next worker in the 
workflow to access and process the jolp. 

The job status table 304, supervisor 308 and workers 312, 314, 318, 320, 322, 
324, 326 or 328 may be implemented on the same or separate machines. If the 
20 components are on separate machines or distributed among multiple server nodes, 
then the components would communicate over a network interconnecting the nodes. 

When a worker is finished processing the job, then the supervisor 308, the 
worker or some other process would process the workflow transition table 256 to 
determine the appropriate output status to set for the job status. If the processing of 
25 the job failed, the worker may set the status to an error status to cause the supervisor 
3 1 0 to invoke an error worker 380. Otherwise, the worker would set the job status to 
complete. In this way, the workflow path or order of job processing is defined by 
altering the current status field in the job status table to cause the supervisor 308 to 
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change the current status and current worker to the next worker in the workflow based 
upon the workflow transition table 256. 

Below are an example of the different workers that may be included in a 
production system. 

5 The data conditioning worker 312 performs certain data cleaning and checking 

operations on the data in the customer record created at the input center 4. The data 
conditioning worker 312 may check each field in the customer record to determine if 
the entered data is valid, e.g., falls within a valid range. Alternatively, the data 
conditioning worker 312 could set the value in a field based on the value in another 

10 field. For instance, if the value in an age field is within one range, then the data 
conditioning worker 312 would set the set the status of the job to the input status of 
the page construction worker 3 14 to continue the job processing. Otherwise, if the 
value is within another range, then the data conditioning worker could set the status to 
"complete" to end the job. There may be a worker specific table 258 for the data 

15 conditioning worker that would indicate certain formatting to use for different fields 
in the customer record. In this way, the data conditioning worker 312 processes the 
customer data record to ensure that the data is valid and ready for the next operation. 

The page construction worker 314 performs the operations at blocks 200 to 
208 in FIGs. 5a and 5b to fill in the template with data to generate a document in a 

20 page definition language such as PostScript. 

After the document is generated, the imposition worker 318 may reformat how 
the document is specified to print given the page dimensions and dimensions of the 
paper on which the document will be printed. For instance, if the document pages are 
8.5 x 1 1 inches and the printer paper is a roll of paper 18 inches wide, then the 

25 imposition worker 3 1 8 could reformat the Postscript file outputted from the page 
construction worker 314 to print two pages side-by-side. Further, if the document is 
specified to be printed as a pamphlet, then the imposition worker 318 may reset the 
formatting to print the first and last page, second and second to last page, etc., on the 
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same page to form pamphlet pages. To determine the settings to use, the imposition 
worker 318 may access a worker specific table 258 for the imposition worker that 
includes printing settings for different types of print jobs. For instance, there may be 
a record in the imposition worker specific table for pamphlet configuration 
5 parameters, a record for configuration settings for certain printers, etc. The 

imposition worker 318 may select a record in the worker specific table 258 based on 
field values in the customer record. In this way, the imposition worker 3 1 8 obtains 
parameters from the imposition worker specific table 258 to use to set print format 
values based on the value in certain fields of the customer record being processed. 

10 The table of contents worker 320 generates a table of contents for the output 

document generated by the page construction worker 314 if the page construction 
worker 314 does not include the capability to generate the table of contents. In 
preferred embodiments, the table of contents may be predefined and maintained in a 
table of contents worker specific table 258. In such case, the table of contents worker 

15 320 would determine the table of contents from the worker specific table 258 

according to a value in the customer record indicating the document to produce. The 
table of contents specific table 258 would include records of table of contents to use 
for different documents. The table of contents worker 320 may scan the output 
document for certain section indicators and headers to determine the page numbers 

20 for the different sections listed in the table of contents. The table of contents worker 
320 would insert the generated table of contents into the output document. 

The graph worker 322 may generate graphs for the generated document if the 
page construction worker 314 does not include such a capability. The page 
construction worker 3 14 would then insert the generated graphs into the document 

25 being generated. 

The output manager worker 324 would convert the generated output to a 
printer readable format, i.e., rasterize or transform the image into a bit map file. The 
output manager worker 324 would perform the steps at blocks 228-234 in FIG. 5b to 
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rasterize the generated output file in a page description format such as PostScript and 
then convert to a format suitable for the output device 14, 16 or 18 specified in the 
customer record. The output manager worker 324 may access an output manager 
worker specific table 258 including delivery parameters to use depending on the 
5 selected delivery method. Thus, there would be a record in the output delivery 
worker specific table 258 for each type of delivery method including parameters to 
use when generating output for a particular output delivery method. The output 
manager worker 324 may comprise the InfoPrint Manager software for processing 
print files and routing to an output device. 

10 The error worker 326 would process jobs having error status and perform error 

recovery operations. The error worker 327 may redrive a job by setting the output 
status to the input status, of the first worker in the workflow or at any other worker in 
the workflow process. 

The accounting worker 328 performs various accounting and billing 

15 operations after a print job is routed to the output device, i.e., has the delivered status. 
The accounting worker 328 could determine a cost for the print job based on the 
number of pages printed and the value of any items shipped with the printed output 
and then automatically generate an invoice to print and deliver to the customer via fax 
16, e-mail 18, or postal mail. 

20 A clean-up worker (not shown) may be used to delete jobs that have remained 

in the job status table 254 for a predetermined period of time or that have a completed 
status. This clean-up worker deletes all job-related files and information and the 
database records for the job. 

FIG. 6 further shows an example of possible input status values ready, build, 

25 impose, table of contents, graph, output, error, and delivered associated with the 

workers 3 1 2, 3 14, 3 1 8, 320, 324, 326, and 328 respectively. FIG.9 illustrates outputs 
for the workers 3 12, 3 14, 3 1 8, 320, 324, 326, and 328. All workers have as a possible 
output the error worker 326, i.e., the error status, and likewise the error worker 326 
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has as possible outputs every other worker. The arrows indicate possible output 
values for each worker, thereby providing a workflow. Workers 312 and 3 1 8 have 
more than one non-error output statuses. For instance the data conditioning worker 
312, after successfully completing data conditioning operations, would set the status 
5 for the job to either graph or build. Thus, the data conditioning worker 312 would 
have to determine whether the job included graphs to build to determine the next 
possible status. Likewise, the imposition worker 318 would determine whether the 
job included a table of contents to determine whether to set the status to table contents 
or output. The accounting worker 328 has a non-error output status of completion to 
10 indicate the total completion of the job. The complete status is the input status to a 
clean worker which removes entries from the job status table 254 as discussed above. 

In further embodiments, there may be multiple workers in the workflow 
process system for different classes of workers. An example of different classes of 
workers includes: 

1 5 data input worker class: reads data from customer sources by accessing 

customer data records entered at the data input computer 4, reading an input 
database, watching for files to arrive in a specific directory, and so on). 
data conditioning worker class : performs statistical characterization of data, 
removes records with spurious data, limits data to a valid range, manipulates 

20 existing data to produce new fields that workers might need, etc. 

formatting data worker class : generates text, image processing, generating graphs, 
charts and tables, etc. 

composing data worker class : lays out formatted objects on pages, generates 
tables of contents, indexes, flowing text, etc. 
25 processing composed pages worker class : imposes pages on sheets, encrypting 

the data stream, watermarks the data stream, sorts the data stream for 
efficient mailing, etc. 

output management worker class : sends processed pages to output devices and 
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10 



15 



20 



25 



manages the print, fax, email, etc. procedure. 

post-processing management worker class : tracks and controls finishing equipment 
like folders, trimmers, drills, binders, as well as inserters and mailing 
procedures. 

follow up worker-class : handles notification of success or failure, handles 
errors for tracking and reporting 

accounting worker class : interfaces with foreign systems for accounting, 
billing, inventory control, etc. 

The workflow management process s illustrated in FIGs. 9 and 1 0 and 
utilizing a job status table and workflow transition table as described with respect to 
FIGs. 7 and 8. Control begins at block 400 : n FIG. 9 with the supervisor 304 polling 
the jobs status table 308 at predetermined intervals. The supervisor 304 begins a loop 



at block 402 and accesses each job record in 



the job entry table having the update flag 



on. For each job, the supervisor 304 determines (at block 404) whether the current 
worker and current status in the job record n atches the "From Worker" and the "From 
State" in one record in the workflow transition table 256 for the workflow indicated in 
the workflow name field. If the supervisor j08 locates a matching record in the 
workflow transition table, then the supervisor 308 sets (at block 406) the current 
worker and current status in the job record being considered to the "From Worker" 
and "From State" in the located workflow tra nsition record, and sets (at block 408) the 
update flag to "on". Setting the update flag ' on" will trigger the worker to consider 
the record when querying the job status table 254. The supervisor 308 invokes (at 
block 410) the new current worker to process the job status table 254 and 
then proceeds (at block 41 2) to consider the next entry in the job status table having 
the update flag "on". In further embodiments, the supervisor 308 and worker may 
process records in the job status table 254 acc ording to a priority ordering specified 
for each record in the job status table. 
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FIG. 1 1 illustrates the steps pe formed by the workers 3 12-328 upon being 



invoked by the supervisor 304. If the 



worker being invoked is already processing the 



invoked worker queries the job status 



5 table according to a priority ordering c f the jobs in the job status table 254. The 



worker then begins a loop at block 45 



job status table 254, then the worker r lay ignore the invocation. At block 450, the 



;able 254. The worker may query the job status 



y 



on", and the current worker and curretit status equal to the invoked worker and ready 



status. The worker sets (at block 454) 



to process each job having the update flag 



the update status to "off for the record during 



the time the worker is processing the j< >b. The worker performs (at block 454) the 



10 worker specific operations, e.g., data conditioning, generating a graph, constructing a 
page, imposition reformatting, generating a table of contents, generating and 
delivering output, accounting, etc. After completing job processing, the worker 
would then update (at block 458) the current state in the job record to the outcome of 
processing the job, e.g., complete or error and set the update flag to "on 11 to cause the 

1 5 supervisor 308 to consider the job record Alternatively, the worker may send a 
message to the supervisor 304 indicating khe outcome of the job processing, e.g., 
success, error, etc. The worker would proceed (at block 460) back to block 452 to 
consider more jobs having the worker stamis in the job status table 254. 

In this way, the job status table 254 and workflow transition table 256 are used 

20 to provide a database driven workflow management system to produce output, such as 
printed or otherwise distributed customer materials. 

In preferred embodiments, the database 252 includes the job status history 
table 262 that has a field for the job id, the status, and a time stamp when the status 
was set. Every time the supervisor 304 updates the status for the job, the supervisor 

25 304 would also add the new status to the job status history table 262. This history 
table 262 may be used for tracking purposes to allow a tracking program to determine 
where a job has been and its current position in the workflow process. 
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The preferred workflow management embodiment provides a method, system, 
and program to automatically route a job through the workflow system in an order 
defined by input and output status settings for the workers. In this way, a print job is 
automatically routed through the system by a series of worker processes without the 
5 need for human intervention, except when manual operations must be performed, e.g., 
inserting documents into an envelop, cutting, etc. Even when manual operations are 
involved, the automated workers may monitor the status of manual operations. When 
the workflow is implemented in a distributed computing environment, then the job 
status table could contain information on the job utilized by the workflow threads to 
1 0 identify the location of the job in the workflow environment. 



This concludes the description of the preferred embodiments of the invention. 
The following describes some alternative embodiments for accomplishing the present 
15 invention. 

The preferred embodiments may be implemented as a method, apparatus or 
article of manufacture using standard programming and/or engineering techniques to 
produce software, firmware, hardware, or any combination thereof. The term "article 
of manufacture" (or alternatively, "computer program product") as used herein is 

20 intended to encompass one or more computer programs and data files accessible from 
one or more computer-readable devices, carriers, or media, such as a magnetic storage 
media, "floppy disk," CD-ROM, a file server providing access to the programs via a 
network transmission line, holographic unit, etc. Of course, those skilled in the art 
will recognize that many modifications may be made to this configuration without 

25 departing from the scope of the present invention. 

Preferred embodiments were described with respect to a network system. 
However, in alternative embodiments, the software and system may be implemented 
in a single stand alone printer, including the functions performed by the data input 



Conclusion/ Alternative Embodiments 
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computer and printer manager, database program, an e-mail and fax connection, and 
an attached printer. This would allow a smaller business to utilize the preferred 
embodiments to design and execute a direct mail campaign to distribute marketing 
materials. Alternatively, certain of the functions shown as distributed in FIG. 1 may 
5 be combined in any manner into one or more systems. For instance, a single 
computer may include the functions of the output constructor 10 and data input 
computer 4. 

Preferred embodiments described the job status table, workflow transition 
table, customer information, metadata describing the files, and other tables as 
10 implemented as database records in a database table. However, any of the 

information described as being implemented as a database table may be implemented 
in any format for maintaining object information, including spreadsheet, non-database 
table, etc. Thus, as used herein, the terms database record, database table, metadata, 
and database refer to any data structure known in the art for maintaining information 
15 on data objects, such as relational databases, non-relational databases, spreadsheets, 
ASCII text files, etc. 

In further embodiments, there may be numerous data input computers 4 where 
many operators gather customer information to continually update the customer 
records in the customer database. 
20 Preferred embodiments were described with respect to corporate users of 

printer products. However, in further embodiments the customer may comprise 
individuals as well as businesses. Moreover, the product information represented in 
the customer records may be for any possible product. In this way, preferred 
embodiments may be used to target a direct mail or e-mail campaign to numerous 
25 individuals. Thus, the term "customer" as used herein refers to any intended recipient 
of output generated in accordance with preferred embodiments. 

Preferred embodiments were described with respect to generating marketing 
materials. However, in further embodiments, the system of the preferred 
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embodiments may be used to generate material for distribution for non-commercial 
purpose. For instance, a non-profit organization or election campaign could utilize 
information to generate materials to distribute to individuals to develop interest in 
their cause. Alternatively, a corporation or any other person, could use the preferred 
5 embodiments to deliver tailored information to a group of people, such as employees, 
friends, etc. 

Preferred embodiments were described with respect to invoking workers. The 
step of invoking a worker may comprise invoking a worker subroutine or sending a 
message to an active worker. 

1 0 Preferred embodiments provided and example of workers used to create and 

deliver marketing materials. In alternative embodiments, functions described with 
respect to one worker may be divided into multiple different workers. Further, 
additional workers may be added to perform further document processing operations. 
For instance, workers may be used to monitor any pre or post processing equipment 

1 5 involving machine or human controlled processing, such as inserting, trimming, 
unwinding or any other finishing operation. 

Preferred embodiments were described with respect to specific information 
types in the customer records describing customer preferences with respect to a 
printing system. However, in further embodiments when different products or 

20 customers are involved, the customer record may include any number of fields 
describing any type of customer preference, desire, goal, current products that are 
used, etc., that could be helpful in creating and selecting content to include in 
customized marketing materials. 

In summary, preferred embodiments disclose a workflow management system 

25 for creating and delivering output material. A customer record is generated to include 
fields specifying at least one product, customer preferences, and a selected output 
method to deliver generated output material on the product specified in the customer 
record. A job record including a status field is added to a job status table for the 
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customer record. The added job record status is set to a first status. A selected job is 
processed in the job status table. A first worker is invoked if the selected job has the 
first status. The first worker generates output material from processing the product 
and customer preference fields in the customer record for the selected job. The status 
5 for the selected job in the job status table is set to a second status after generating the 
output material. A second worker is invoked if the selected job has the second status. 
The second worker determines a selected one of a plurality of delivery options from 
the customer record for the selected job and transmits the output material via the 
determined delivery option to the customer specified in the customer record. 

10 The foregoing description of the preferred embodiments of the invention has 

been presented for the purposes of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise form disclosed. Many 
modifications and variations are possible in light of the above teaching. It is intended 
that the scope of the invention be limited not by this detailed description, but rather by 

15 the claims appended hereto. The above specification, examples and data provide a 
complete description of the manufacture and use of the composition of the invention. 



mm 
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Since many embodiments of the invention can be made without departing from the 
spirit and scope of the invention, the invention resides in the claims hereinafter 



**AIX, OS/2, and RS/6000 are registered trademarks of IBM and OS/390 and MVS 
are trademarks of IBM; WINDOWS is a registered trademark of Microsoft 
Corporation; UNIX is a registered trademark licensed by the X/Open Company LTD; 
ADOBE ACROBAT is a registered trademark of Adobe System, Inc.; PAGEFLEX is 
1 0 a trademark of Bitstream, Inc. 



appended. 



